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MULTI-POWER LASER SEAM TRACKING 
SYSTEM 

DESCRIPTION 

1. Technical Field 
This invention relates generally to an apparatus and 

method for controlling a laser associated with a scan 
ning apparatus, and more particularly, to an apparatus 
and method for controlling the power associated with a 
laser operating in conjunction with a scanning appara 
tus used for seam tracking in a welding system. 

2. Background Art 
The utility of automatic and adaptive weld guidance 

systems is well recognized in the industry today. Such 
automatically guided welding systems have the poten 
tial to decrease an otherwise labor intensive manufac 
turing operation. In addition, automatically guided 
welding systems can provide consistent, high quality 
welds when used in appropriate applications. 
A basic requirement for automatically guided weld 

ing systems is a means for sensing the position, and in 
some instances the con?guration, of the groove about 
which the weld is to occur. Such sensing devices can 
assume a variety of con?gurations, for example, me 
chanical probes, structured light sources, and camera 
recording devices. In the case of optical systems, lasers 
are frequently used to illuminate, whether by visible 
light or otherwise, the desired area of the workpiece. 
This permits taking advantage of the various unique 
characteristics of lasers, including the production of 
coherent light having a single discrete frequency. 
The current generation of laser diodes is capable of 

producing suf?cient radiant energy to permit use in an 
automatically guided welding system. Incorporation of 
a laser diode into such a scanning and guidance system 
permits varying the level of radiant energy emitted by 
the lasing device. Simply altering the amount of current 
flowing through the laser diode correspondingly modi 
?es the amount of radiation emitted from the diode. 
This ability to easily adjust emitted power offers the 
opportunity to improve laser systems by lengthening 
the life of the lasing device and by reducing unneces 
sary emission from the laser. 
The present invention is directed to over-coming one 

or more of the problems set forth above. 

DISCLOSURE OF THE INVENTION 

In one aspect of the present invention, a scanning 
apparatus for use with an adaptive welding system is 
provided. The welding system includes a welding torch 
adapted to produce an arc and a welding torch logic 
control for controllably operating the welding torch. A 
sensor detects radiant energy produced by the arc and 
produces ?rst and second status signals in response to 
the respective absence and presence of the arc. A logic 
circuit produces a ?rst power command signal in re 
sponse to receiving the ?rst status signal and a second 
power command signal in response to receiving the. 
second status signal. An emission control circuit con 
trollably produces radiant energy having a ?rst power 
level in response to receiving the ?rst power command 
signal and a second power level in response to receiving 
the second power command signal. 

In a second aspect of the present invention, a method 
for controlling a scanning apparatus used with a adapt 
ive welding system is provided. The adaptive weldinq 
system includes a welding torch adapted to produce an 
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2 
are and a welding torch logic control for controllably 
operating the welding torch. The method includes the 
steps of sensing the radiant energy produced by the arc 
and producing ?rst and second status signals in response 
to the respective sensed absence and presence of the 
arc. The method further includes the steps of producing 
a ?rst power command signal in response to receiving 
the ?rst status signal and a second power command 
signal in response to receiving the second status signal 
and controllably producing radiant energy having a 
?rst power level in response to receiving the ?rst power 
command signal and a second power level in response 
to receiving the second power command signal. 

’ The present invention provides a scanning apparatus 
for use with an adaptive welding system in which the 
power level of the radiant energy delivered from an 
emitting device is advantageously varied in response to 
the presence or absence of an are produced by the weld 
ing torch. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a better understanding of the present invention, 
reference may be made to the accompanying drawings, 
in which: 
FIG. 1 is a schematized block diagram of a scanning 

apparatus incorporating a welding torch in an adaptive 
welding system; and 
FIGS. 2 and 3 are a schematic diagram of electronic 

circuitry associated with one embodiment of the present 
invention. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

Referring ?rst to FIG. 1, an apparatus embodying 
certain of the principles of the present invention is gen 
erally indicated by the reference numeral 10. It should 
be understood that the following detailed description 
relates to the best presently known embodiment of the 
apparatus 10. However, the apparatus 10 can assume 
numerous other embodiments, as will become apparent 
to those skilled in the art, without departing from the 
appended claims. 

In FIG. 1, a welding control apparatus 10 is shown to 
include a welding torch 12 adapted to produce an arc, 
and a welding torch logic control 14 for controllably 
operating the welding torch 12. The actual operation of 
the welding torch 12 and associated logic control 14 is 
not relevant to the invention, and is well understood in 
the applicable ?eld of art. In general, the welding torch 
12 is connected to a source of electrical energy and 
produces an are when a electrode associated with the 
torch 12 is positioned proximate a workpiece 16. The 
torch position, electrical operation, and other basic 
control functions are generally handled by the welding 
logic control 14. 

In order to provide information relating to guidance 
and groove con?guration to the welding torch logic 
control 14, a scanning apparatus 18 is required. The 
scanning apparatus 18 includes, for example, a source of 
radiant energy 20. The radiant energy source 20 is part 
of an overall emitter means 22 for controllably produc 
ing the radiant energy necessary to illuminate the work 
piece 16. The source of radiant energy 20 typically 
includes a laser 24, for example, a laser diode, adapted 
to produce coherent light having a predetermined 
wavelength or frequency. The radiant energy emitted 
by the laser 24 is passed through a ?rst optical system 26 



4,806,732 
3 

and focused on the workpiece 16. The radiant energy 
re?ected from the workpiece 16 is collected by a second 
optical system 28 and ultimately delivered to an image 
sensor 30, for example, a linear array or other form of 
radiator position sensing device. The image delivered 
from the workpiece 16 is then delivered to the weld 
logic control 14 and is used to provide guidance, ?ll, 
and other information necessary for proper control of 
the welding torch 12. 
Owing to the fact that the wavelength of the radiant 

energy emitted from the laser 24 is substantially con 
stant, such welding control systems can incorporate an 
optical ?lter 32 to block much ambient light that passes 
through the optical system 28. The more precisely the 
laser wavelength can be maintained the more narrow 
the passband of the ?lter 32 can be, decreasing the 
amount of spurious radiation received by the welding 
logic control 14. Since the laser wavelength in the case 
of a laser diode is somewhat temperature dependent, it 
is advantageous to include a laser thermal control unit 
34 in the scanning apparatus 18. The thermal control 
unit 34 is connected to the radiant energy emitting sys 
tem 20 and receives input signals from a temperature 
sensor 36. In response to sensing a deviation in the tem 
perature of the environment in which the laser 24 oper 
ates, the thermal control unit 34 automatically adjusts 
the temperature via a thermal-electric cooler 38, also 
known as a Peltier cooler. 

Finally, a laser power control unit 40 is also con 
nected to the radiant energy source 20. The second 
optical system 28 collects both coherent laser energy 
containing desirable position information, and undesir 
able radiant energy emitted from the environment of the 
welding operation, especially that produced by the 
electrical are that results from the welding operation. 
Spurious light emitted from the arc and other ambient 
radiant energy received by the optical system 28 passes 
through a dichromatic mirror 42 and is received by a 
detector means 44. The detector means 44 is connected 
to the laser power control 40 and delivers ?rst and 
second status signals responsive to the absence and 
presence of the welding arc. Responsively, the laser 
power control 40 adjusts the power delivered by the 
laser 24. 

Referring next to FIGS. 2 and 3, a schematic repre 
sentation of the circuitry associated with one embodi 
ment of the present invention is set forth. The laser 24 is 
preferably a laser diode serially connected between a 
supply voltage and circuit ground with a power transis 
tor 46. The power transistor 46 controls the current 
?ow through the laser diode in response to a power 
control circuit 48 of the laser power control 40. The 
power control circuit 48 includes a power setpoint po 
tentiometer 50 connected through a voltage follower 52 
to a ?rst ampli?er 54. The gain of the ?rst ampli?er S4 
is established in accordance with a pair of feedback 
resistors 56,58. The output of the ?rst ampli?er 54 is 
connected to a second ampli?er 60 and to the power 
transistor 46. 
A voltage sensing resistor 62 is serially connected 

between the power transistor 46 and circuit ground. 
The voltage signal across the resistor 62 is connected to 
a third ampli?er 64, the output of which is connected 
through a feedback circuit 66 and is summed with the 
output of the ?rst ampli?er 54 at the input of the second 
ampli?er 60. Therefore, the third ampli?er 64 acts as a 
current limit to the power transistor 46. 
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The detector means 44 includes a photodetector 

which receives incidental light from, for example, the 
welding arc, and is connected to the input of a fourth 
ampli?er 68. The fourth ampli?er 68 features variable 
gain and is connected in turn to a comparator 70. The 
comparator 70 includes an are light threshold adjust 
ment 72. The output of the comparator 70 is connected 
to a ?rst input terminal of an “OR” gate 74. A second 
input terminal of the “OR” gate 74 is connected 
through an inverter 76 to an input terminal 78 of the 
circuit 40. The output of the comparator 74 is con 
nected through a second inverter 80 to a coil 82 of a 
relay 84. A normally closed contact 86 of the relay 84 is 
connected in parallel with the feedback resistor 58 used 
in conjunction with the ?rst ampli?er 54. 
The temperature sensor 36, for example, a thermistor, 

is located proximate to the laser 24 and is connected to 
the input of a ?fth ampli?er 88. The sensor 36 and ?fth 
ampli?er 88 are part of the laser thermal control unit 34. 
The output of the ?fth ampli?er 88 is connected to a 
second power transistor 90 which is serially connected 
between a voltage supply and the thermal electric 
cooler 38. The cooler 38 is in turn connected to circuit 
ground. 

Industrial Applicability 
Operation of the scanning apparatus is best described 

in conjunction with its use with a welding torch 12 
adapted t o produce an arc and a welding torch logic 
control 14 for controllably operating the welding torch 
12. When no arc is being produced by the welding torch 
12, it is desirable to operate the laser 24 at a relatively 
low power in order to conserve the useful life of the 
laser diode and in order to produce as little unnecessary 
radiant energy from the laser 24 as possible. Since no 
are light is being produced, the signal received by the 
optical system 28 through the optical ?lter 32 consists 
essentially only of the reflected low power laser light 
and the signal-to-noise ratio is quite high. Therefore, the 
weld system logic control 14 is able to receive and 
interpret the re?ected low power radiant energy with 
no dif?culty. In this mode, the control system 14 can 
interpret the type of groove to be welded and can guide 
the torch 12 around the weld path without actually 
performing the welding operation. This is a useful mode 
of operation for set-up and experimentation purposes. 

Conversely, in the presence of an arc produced by the 
torch 12, the radiant energy received by the optical 
means 28 necessarily incorporates some spurious radia 
tion from the arc. The optical ?lter 32 removes much of 
this radiation but is unable to block radiation that coin 
cides with the laser wavelength. Therefore, the signal 
to-noise ratio of the signal received by the weld system 
logic control 14 is decreased considerably from that 
experienced when no arc is present. Consequently, it is 
necessary to increase the signal-to-noise ratio by in 
creasing the power of the laser generated radiation 
striking the workpiece 16. Therefore, it is desirable that 
the scanning apparatus 18 detect the presence of the arc 
and adjust the laser power appropriately. 
The detector means 44 receives incidental radiant 

energy that passes through the optical system 28 and the 
dichromatic mirror 42 and produces ?rst and second 
status signals in response to the respective absence and 
presence of the arc-produced radiant energy. Assuming 
that no arc is present, the signal produced by the detec 
tor means 44 is less than the threshold established by the 
arc light threshold potentiometer 72, and the ?rst status 
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signal is delivered through the “OR” gate 74 and the 
inverter 80 to the relay coil 82 of the relay 84. The ?rst 
status signal is insuf?cient to activiate the normally 
closed contact 86 of the relay 84, and the feedback 
resistor 58 is effectively removed from the feedback 
circuit of the ?rst ampli?er 54. Consequently, the ?rst 
ampli?er 54 gain is established solely by the resistance 
of the other feedback resistor 56, and a ?rst power 
command signal is delivered to the power transistor 46. 
Responsively, radiant energy having a ?rst relatively 
low power level is produced by the laser 24. 

In response to the presence of the arc, suf?cient radi 
ant energy is received by the detector means 44 to over 
come the threshold of the comparator 70. Conse 
quently, the second status signal is delivered through 
the “OR” gate 74 and the inverter 80 to the relay coil 82 
of the relay 84. The second status signal is suf?cient to 
cause the normally closed contact 86 to switch to the 
open position, removing the bypass path around the 
feedback resistor 58 and increasing the resistance in the 
feedback loop of the ?rst ampli?er 54. The resulting 
increased gain of the ?rst ampli?er 54 causes the second 
power command signal to be delivered to the power 
transistor 46. Responsively, radiant energy having a 
second relatively high power level is produced by the 
laser 24. Therefore, the power level of the radiant en 
ergy produced by the laser 24 is responsive to the ab 
sence and presence of the are produced by the torch 12. 

In order to most effectively remove incidental radiant 
energy that is received by the optical system 28, it is 
desirable to use an optical filter having as narrow a 
band-width as possible. However, the band-width must 
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not be so narrow that thermal factors are capable of ' 
causing the laser wavelength to drift beyond the range 
of the pass-band of the optical ?lter 32. Consequently, in 
the past, relatively broad band optical ?lters have been 
utilized in laser control systems which disadvanta 
geously allowed relatively large amounts of incidental 
spurious radiation to pass. 
The thermal control unit 34, temperature sensor 36, 

and thermal electric cooler 38 Work in conjunction with 
one another to maintain the laser temperature at a stable 
predetermined value. By closely controlling the tem 
perature of the laser 24, the potential drift in frequency 
is minimized and the actual wavelength at which the 
laser 24 operates can be accurately determined and 
maintained. Consequently, an optical ?lter 32 having a 
very narrow pass-band can be used in the instant em 
bodiment. It has been found that the instant embodi 
ment offers the capability of utilizing an optical ?lter 32 
having a pass-band of i 1.5 nanometers from the prede 
termined desired wavelength. This narrow pass-band 
considerably reduces the effect of spurious radiation on 
the system and further increases the signal~to-noise ratio 
of the re?ected signal received by the weld system logic 
control 14. 
The instant invention advantageously controls the 

power level of the radiant energy delivered from the 
laser 24 to the workpiece 16, in response to the absence 
and presence of an are produced by the torch 12. In 
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6 
addition, the laser 24 ,in the .instant embodiment is 
closely temperature controlled in order to maintain its 
operating wavelength at a constant value within a rela 
tively narrow range. This allows utilizing a narrow 
band optical ?lter 32 to improve the signal-to-noise 
ratio of the scanning apparatus. 

Other aspects, objects, advantages, and uses of this 
invention can be obtained from a study of the drawings, 
the disclosure, and the appended claims. 
We claim: 
1. A scanning apparatus for use with an adaptive 

welding system, said adaptive welding system including 
a welding torch adapted to produce an arc and a weld 
ing torch logic control for controllably operating said 
welding torch, comprising: 

detector means for sensing radiant energy produced 
by said arc and producing ?rst and second status 
signals in response to the respective absence and 
presence of said arc produced radiant energy; 

logic means for producing a ?rst power command 
signal in response to receiving said ?rst status sig 
nal and a second power command signal in re~ 
sponse to receiving said second status signal; and 

emitter means for controllably producing radiant 
energy having a ?rst power level in response to 
receiving said ?rst power command signal and a 
second power level in response to receiving said 
second power command signal. 

2. A scanning apparatus, as set forth in claim 1, 
wherein said ?rst power level is relatively low and said 
second power level is relatively high. 

3. A scanning apparatus, as set forth in claim 1, 
wherein said emitter means includes a laser diode. 

4. A scanning apparatus, as set forth in claim 3, 
wherein said emitter means includes thermal control 
means for maintaining said laser diode at a suf?ciently 
constant predetermined temperature to maintain said 
laser radiant energy wavelength within a range of plus 
or minus 1.5 nanometers from a predetermined wave 
length. 

5. A method for controlling a scanning apparatus 
used with an adaptive welding system, said adaptive 
welding system including a welding torch adapted to 
produce an arc and a welding torch logic control for 
controllably operating said welding torch, comprising 
the steps of: 

sensing radiant energy produced by said arc; 
producing ?rst and second status signals in response 

to the respective sensed absence and presence of 
said arc produced radiant energy; 

producing a ?rst power command signal in response 
to receiving said ?rst status signal and a second 
power command signal in response to receiving 
said second status signal; and 

controllably producing radiant energy having a ?rst 
power level in response to receiving said ?rst 
power command signal and a second power level 
in response to receiving said second power com 
mand signal. 
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